The goal of this review is to advance the understanding of the muscular and soft tissue palatal anatomy as it relates to palatal surgery for sleep apnea and the phenotypic variations that generate the shape and collapsibility of the retropalatal airway. Anatomically, the soft palate has both a proximal and distal segments separated by the palatal genu. The proximal palatal segment has a variable angle from the hard palate (ie, alpha angle) determined by the position and length of the levator veli palatini muscle. The palatopharyngeus muscle (PP) is a major defining element of the palate and lateral pharyngeal wall and forms the medial wall of the lateral palatal space. It is composed of two divisions: the longitudinal palatopharyngeus fasciculi which acts to elevate the pharynx and depress the soft palate and the transverse palatopharyngeus fascicle (Passavant's ridge) which function is a nasopharyngeal sphincter. The lateral palatal space incorporates the supra-tonsilar fat, and is bounded by muscles that determine the structure of the palate and associated lateral pharyngeal walls. Understanding of palatal muscles and pharyngeal airway phenotypes provides insight into the steps and mechanisms of pharyngoplasty procedures.
INTRODUCTION
Obstructive sleep apnea (OSA) causes significant social and medical morbidity. Treatment success using nonsurgical methods such as positive airway pressure therapy (PAP) is limited due to patient noncompliance. However, many alternative surgical therapies in adults are sub-optimal. To improve surgical success in adults, palatopharyngoplasty techniques have evolved from primarily excisional methods to those that reconstruct and reposition the palate. One such technique, expansion sphincter-pharyngoplasty (ESP), was introduced by Pang and Woodson in 2007 to improve the airflow and decrease obstruction at the palatal and oropharyngeal level by realignment of the palatopharyngeus muscle and conceptually reduce lateral wall collapse. 1 The goal of this review is to advance the understanding of palatal anatomy as it relates to palatal surgery for sleep apnea and the phenotypic variations that generate the shape and collapsibility of the retropalatal airway to better allow application of various pharyngoplasty procedures and evolving pharyngoplasty techniques. The importance of a novel description of known anatomic structures, the lateral palatal space, details of palatal muscles, and pharyngeal airway phenotypes provide insight into improving the application of palatal reconstructive techniques.
Reconstructive Pharyngoplasty
Expansion sphincter-pharyngoplasty, lateral pharyngoplasty, relocation pharyngoplasty, Han UPPP, suspension palatoplasty, and others are surgical techniques that have the goals to alter the lateral pharyngeal wall and soft palate at the level of the velopharynx and oropharynx. [1] [2] [3] [4] [5] A key element of many techniques is altering characteristics of the palatopharyngeus muscle and superior pharyngeal constrictor muscles (SC). The ESP which repositions the palatopharyngeus muscle laterally, anteriorly, and superiorly is an example of this class of technique, has demonstrated benefits in selected OSA patients (Fig. 1) . 1, 6, 7 It is suggested that the effect of ESP procedure may be mediated by three mechanisms: A) static opening of the lateral pharyngeal retropalatal recess, B) advancing the distal soft palate anteriorly; and C) reducing lateral wall compliance by mobilizing and repositioning the palatopharyngeus. 1, 7 There are other soft palate surgery techniques for OSA that also modify the lateral pharyngeal wall. The Australian modified UPPP creates a ventral palatal incision, removal of "supratonsillar fat," followed by creating and rotating a posterior pillar mucosal flap into the newly created supra-lateral velopharyngeal port. 3 In 2015, a "barbed reposition pharyngoplasty" was introduced to combine tonsillectomy, a conservative ventral palatal mucosal excision, removal of associated submucosal tissues, and posterior pillar mucosal repositioning using a barbed bidirectional suture to the pterygomandibular raphe. 8 Suspension palatoplasty proposes to enlarge the retropalatal space by pulling the palatopharyngeus to the pterygomandibular raphe. 5 
Surgical Anatomy and Phenotypes of the Palate
It is observed that the structure and obstructive pattern of the pharynx differs among individuals. However, finding a method to describe the complex shape, size, curvature, length, and collapsibility is difficult. Finite element analysis demonstrates that muscle position, angulation, and length determine the size, shape, and closure patterns of the retropalatal airway. 9 Understanding and describing the muscular structures provide a method to comprehend more complex anatomy of the palate and palatal airway. The major muscles that create the form and shape of the palate include the tensor veli palatini and its aponeurosis (TVP), levator veli palatini (LVP), palatoglossus (PG), palatopharyngeus (PP), uvula (U), superior pharyngeal constrictor (SC), and salpingopharyngeus (SP). The soft palate and its related airway are complex but ultimately much of its form can be constructed using a model of muscle slings and buttresses (Fig. 2) . Describing and perceiving the airway in relationship to these muscles provides a distinct understanding in contrast to Mueller's Maneuver and current techniques of drug induced sedated endoscopy (DISE) which give general levels and patterns of obstruction but do not describe more complex elements that are required to learn the airflow limitation and its implications or choice of surgical approach.
Three palatal airway phenotypes based on cephalometric x-rays, and three upper pharyngeal phenotypic patterns based on endoscopy (oblique, intermediate, vertical) have been described (Fig. 3) . 10, 11 These provide information on the shape and configuration of the airway and not just information on how the airway collapses at a single chokepoint. The endoscopic method is based on three midsagittal soft palate anatomic landmarks and their relationship to the posterior pharyngeal wall. The superior, middle, and inferior landmarks are the junction of the soft and hard palate, the palatal anatomic genu, and the free margin of the soft palate at the velopharynx. These landmarks are both a visual means to identify fixed and repeatable points along the airway but are also associated with the muscle slings that determine the shape and position of the palate, and with the aponeurotic, muscular, and velar anatomic divisions of the soft palate. 11 Anatomically, the soft palate has both a proximal and distal segments separated by the palatal genu. The anatomic genu approximates the border between the muscular and aponeurotic segments of the palate (Fig. 4) . The lengths of both the proximal and distal palate vary among individuals. Within the same individual, the soft palate configuration and the position of the genu are strongly correlated to levator veli palatini (LVP) length. 10 The LVP compromises 40% of the soft palate length between the base of uvula and the hard palate. Inferior to this muscle, the uvula defines the midsagittal landmark of the velum. The proximal palatal segment has a variable angle from the hard palate (ie, alpha angle).
14 Dynamic anatomic studies of speech and swallowing (and likely respiration) demonstrate that this angle is highly correlated to the length and position of the LVP. In individuals with oblique and intermediate palatal phenotypes, the angle is less acutely downward and more parallel to the hard palate. In vertical palatal phenotypes, it is more acutely downward and more parallel to the posterior pharyngeal wall. The distal palatal segment also has variable length and the length of its obstruction (>15 mm), has been associated with poorer palatopharyngoplasty outcomes. 15 The structure of the skull base and maxilla demonstrates the correlation with the pharyngeal structure. CT measurements show that the "flat" or narrow anterior posterior velopharyngeal shape is associated with more posteriorly positioned hamuli and posterior maxilla. 16 Velopharyngeal anatomic phenotypes are also associated with velopharyngeal closure patterns (Fig. 3) . A "deep" pattern with increased anterior posterior distance from the posterior wall to the velum is associated with a circular pattern of closure. In contrast, a "flat" pattern with narrow anterior posterior distance between the posterior wall and velum is associated with an anterior posterior or coronal pattern of closure. 16 Endoscopically, the flat pattern is associated with a vertical palatal phenotype while a deeper pattern is associated with an oblique phenotype and more prominent lateral pharyngeal walls. 11 The muscular sling, that serve as the margin of the retropalatal lateral pharyngeal wall, is the salpingopharyngeus proximally and the palatopharyngeus distally. The position of the lateral wall margin is affected by multiple elements. Anatomically, obesity, the size of the supratonsillar fat pads, and size of the palatine tonsils are associated with lateral wall position. 17 Lymphoid tissues (especially in children) contribute to lateral wall flow limitation in the pharyngeal isthmus above the free margin of the soft palate due to impingement of the superior pole of the palatine tonsil at the location of the narrowing of the nasopharynx. 18 Physiologically, lateral wall position is also determined by dynamic strain and tension on the lateral wall muscles. This strain is mediated by tracheal traction, hyoid, and mandibular tension. 
Muscles of the Soft Palate
The LVP courses from the petrous part of the temporal bone and inserts into the midline of the velum to form a muscle sling along an oblique-coronal plane (Fig. 4) . The levator muscle is significantly longer in men than in women with an average difference of 7.56 mm. In contrast, minimal sex differences have been observed in the velar length and velopharyngeal depth measurements. The role of paired LVP is to retract and depending on the angle of insertion both elevates the velum and pulls the velum up to close against the posterior pharyngeal wall. 12, 20 The angle of insertion contributes to the angle of the vertical segment of the soft palate. Position of the palatal genu is related to both the posterior pharyngeal wall and its distance from the hard palate. The muscle length of the paired LVP also creates a muscle sling that contributes to the maximal circumference of the retropalatal airway (as does the length of the transverse fascicle of the palatopharyngeus) at the level of the palatal genu. 20 The conceptual anatomical antagonist of the LVP is the PG. The muscle courses within the palatoglossal fold after originating on the inferior edge of the palatal aponeurosis. 21 The PG is small compared to many other palatal muscles and its respiratory function is unknown. The PG also separates the superior pole of the tonsil from the "supratonsillar fat" (Fig. 5) .
The SC muscle serves as the lateral and posterior boundary of much of the pharynx and relates to the pharyngobasilar fascia. Fasciculi originate from the buccinators, maxilla, pterygomandibular raphe, and tongue to insert into the midline. 21 The pharyngeal venous plexus is found at the The glossopharyngeal nerve (IXth cranial nerve) can be identified deep to the superior pharyngeal constrictor and traced infero-medially toward the base of the tongue. The landmark for the main trunk of the glossopharyngeal nerve is found at the intersection of the posterior tonsillar pillar with the base of tongue. The IXth cranial nerve is divided into branches which innervate the lateral pharyngeal wall and the lateral part of tongue base. 23 The palatopharyngeus (PP) is a significant longitudinal muscle of the pharynx (Figs. 2 and 4) . It is composed of two major divisions: the longitudinal PP and the transverse PP. Dorsal and ventral bellies of PP muscle lie medial to the SC in the oropharynx before inserting on the thyroid cartilage and diffusing into fibers of the inferior constrictor muscle. The PP muscle diffusely originates as three fasciculi from the palatal aponeurosis. Two longitudinal fasciculi (the ventral (smaller) and dorsal (larger)) sandwiching the LVP before combining into a more concise muscle bundle within the palatopharyngeal arch and lateral wall of the pharynx. The function of the PP muscle constricts during swallow both medializing the lateral wall and shortening the pharynx. 24 During respiration longitudinal traction of the pharynx stiffens this muscle and reduces the compliance of the palate and pharynx. The transverse fascicle passes dorsally from the soft palate to reach the pharyngeal raphe and this is associated with "Passavant's ridge" (Fig. 7) . The transverse fascicle forms a ridge against which the soft palate is elevated in order to separate the nasopharynx from the oro-pharynx. Therefore, the PP acts not only to elevate the pharynx or depress the soft palate but as a nasopharyngeal sphincter. 25 It is speculated that the muscle length of the paired transverse fasciculi contributes to maximize retropalatal airspace size. The PP muscle's function in respiration is not well described. Anatomically, it may function as an airway constrictor or dilator depending on the resting position of the muscle. Further, during respiration, PP muscle contraction, combined with tracheal tug, stiffens the airway wall and displaces the palate inferiorly to open the velopharynx. 25 The current description contrasts to Finkelstein who attributed Passavant's ridge to the superior pharyngeal constrictor muscle. 16 The transverse PP is a unique muscle interspaced between fibers of the longitudinal PP and the SC where the paired muscle fascicles insert in the midline of the posterior naso-pharyngeal wall. Innervated by the glossopharyngeal nerve, it functions as a sphincter during swallow. Respiratory activity during sleep is unknown, however, during wake expiratory contraction can be observed.
The tensor veli palatini muscle (TVP) is not within the soft palate, however, its aponeurosis is the insertion of the uvular, PP and PG muscles, so it is included in this description. The course of the TVP postero-lateral to the The TVP tendon firmly attaches and folds around the hamulus of the medial pterygoid plate. 23 The tensor tendon (aponeurosis) is dorsal to a thick fibro-adipose layer in the proximal palate. The TVP demonstrates phasic respiratory EMG activity. In the animal model, the stimulation of TVP increases the maximal airflow at the site of flow limitation by decreasing collapsibility of the pharyngeal airway at the soft palate level, 26 however its respiratory function in humans to stabilize the palate is uncertain.
Lateral Palatal Space
The lateral palatal space (LPS) is an inadequately described, we believe it is critical and distinct anatomic space of the ventral soft palate (Fig. 5) . Initially, the space was labeled as a "supratonsillar" fat and due to its limited tissue volumetric effect was not adequately appreciated, however, we consider this an important anatomic space with defined boundaries. The LPS can be described as follows: Inferiorly-the tonsil and deep fibers of the PG; medially-the proximal intra-velar segment of the PP; superiorly-the hamulus; and laterally-the SC which separates it from the pterygomandibular space and the parapharyngeal space. Ventrally, it is bounded by the superficial fibers of the PG and the ventral palatal mucosa. The geometric shape of LPS is pyramidal (wider at its base (close to the tonsil) and more narrow superiorly at the hamulus). As noted, fat contained in the lateral palatal space has been referred to as supra-tonsillar fat.
Removal of the supra-tonsillar fat exposes the anatomy of the palatal muscles that define the LPS. Upon removal, the ventral fascicle of the PP is medial to the space. The SC is lateral, the PP is inferior. Medially in the LPS, the PP originates as fan shaped muscle from the palatine aponeurosis. It then courses distally, inferiorly, and laterally. The ventral and dorsal fascicles combine into a more defined band of muscle. This contributes to the structure of the posterior tonsillar pillar and lateral pharyngeal wall. Repositioning and surgical relocation of these fascicles alter the shape, position, and compliance of the palate and lateral pharyngeal walls.
Lateral dissection of the LPS exposes the pterygomandibular raphe which is the anchoring point for several reconstructive palatal surgeries. Approached from a ventral dissection, the dorsal dissection between the PP and SC exposes both dorsal and ventral PP fasciculi and allow for surgical relocation. Cranial dissection in this plane provides access to the lateral wall anatomy if obstruction is at a level closer to the palatal genu. In contrast, caudal dissection in the tonsillar fossa with partial division and rotation is part of the original description of the expansion sphincter pharyngoplasty technique.
DISCUSSION
Reconstructive airway surgery may alter form and function through several mechanisms (volume removal, compliance changes, and realigning tissues). Historically UPPP was primarily a procedure based on tissue excision. Subsequent objective analysis of the sites of failures demonstrated residual obstruction occurred proximal to the oropharynx in the retropalatal region and from lateral wall collapse. To address this, reconstructive surgical approaches that reorient the pharyngeal and palatal structures have been applied. Maxillomandibular advancement which demonstrates high success rates moves the skeletal structure forward to reorient the pharynx to obtain dramatic changes in the retropalatal region. 27 ESP relocates the PP muscle laterally, superiorly and anteriorly (conceptually a reverse Orticochea sphincter pharyngoplasty which augments the sphincteric function of the palate). 28 This technique incises the body of PP within the tonsillar fossa, creating a muscle tether, and then suturing the muscle in positions to maximally expand the pharynx. This modification differes from other suture suspension of the anterior and posterior pillar of traditional UPPP by mobilizing the muscle from the superior pharyngeal constrictor and transecting the muscle to release tension to reduce dehiscence. The Australian modified UPPP, relocation pharyngoplasty, and lateral pharyngoplasty all relocate the PP. 2, 3, 7, 8 Knowledge of the anatomy allows for better assessment of the similarities, differences, advantages, and disadvantages of the procedures.
As techniques evolve, relocation of the PP has not been limited to the tonsillar fossa and can be extended proximally into the lateral palatal space. Surgical removal of the supra-tonsillar fat is a potential surgical pathway to manipulate the anatomy of the palate.
The PP is a major defining element of the palate and lateral pharyngeal wall. From superior (origin) to inferior (insertion), the longitudinal facsiculi course medial to lateral and ventral to dorsal. In sleep apnea surgery, the concept is to move the velopharyngeal segment of the muscle vector laterally, anteriorly and superiorly to increase muscle tension and airway size. Systematic reviews of pharyngeal expansion techniques that change the PP vector, such as ESP and lateral pharyngoplasty suggest better outcomes in improving sleep disordered breathing compared to traditional uvulopalatopharyngoplasty. 6 
CONCLUSION
A more detailed description of palatal anatomy benefits the understanding of the reconstructive palatal surgery. The orientation, size, length, and vectors of the palatal muscles are major determinates of the palatal airway. Reconstructive surgery changes the anatomy by altering the palatal and pharyngeal form and function (tension and vectors). Among the multiple muscles that contribute to the palatopharyngeal function, the palatopharyngeus muscle is the key to many current reconstructive pharyngoplasty techniques for OSA. Additionally, defining the anatomical "lateral palatal space" and the muscles that delineate provides an avenue for a better understanding of the techniques used for surgical treatments for OSA and observed improvements in the outcomes of sleep surgery.
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